No significant changes were found in heart rate, blood pressure, cardiac output, arterial blood gases or physiological deadspace: tidal volume ratio before and after clamping and unclamping the abdominal aorta below the renal vessels. Nevertheless, drugs should be available to reduce the afterload on the heart if any evidence of myocardial ischaemia appears during the period of aortic clamping. The importance of maintaining an adequate circulating blood volume at all times is stressed.
Major vascular surgery involving infra-renal clamping of the abdominal aorta is now commonplace. Such patients are usually elderly, often hypertensive and frequently exhibit evidence of myocardial and cerebral ischaemia of varying severity. Haemodynamic insults, particularly hypotension, and hypoxia are poorly tolerated and every effort must be made to avoid such events.
Considerable attention has been paid to the haemodynamic and metabolic effects that result following release of the aortic clamp and various remedies have been put forward to avoid the severe hypotension that can result (Schneiweiss, Hadsall and Gordon 1966 , Vetto and Brant 1968 , Brant, Armstrong and Vetto 1970 . In contrast, little work has been done concerning the effects of aortic cross-clamping. As such a manoeuvre results in an increased afterload on the heart, this could have marked significance in such patients. Furthermore, a rise in left atrial pressure following aortic clamping might result in altered pulmonary perfusion with a resultant change in physiological deadspace, or even pulmonary oedema.
This study reports the effects of clamping and unclamping the abdominal aorta on some facets of cardio-pulmonary function.
METHOD
Studies were carried out on 10 patients who were undergoing surgery involving infra-renal clamping of the abdominal aorta. Details of the patients are given in Table 1 . Preoperative medication consisted of papaveretum (10-20 mg) and hyoscine (0'2-0'4 mg) I-It hours preoperatively.
Anaesthesia was induced with droperidol and fentanyl in a manner previously described (l\Iorgan, Lumley and Gillies 1974) and the trachea intubated after pancuronium 6-8 mg had taken effect. Anaesthesia was maintained with approximately 70 per cent nitrous oxide in oxygen, with incremental doses of fentanyl and pancuronium as needed. Ventilation was provided with a Cape-Waine Mkl1 anaesthetic ventilator set at a respiratory rate of 18-20 breaths per minute. The tidal volume was adjusted to give an end-tidal carbon dioxide concentration between 4·5 and 5·5 per cent.
Included in the circuit was a pressure operated non-re breathing collect valve (Sykes 19(9) which separated true expired gas from that compressed in the ventilator tubing. The valve served to divert expired gas into a 60 1 Douglas bag. A Wright's respirometer was interposed between the expiratory port of the collect valve and the Douglas bag to enable a check to be made for leaks and also to check on the functioning of the valve. Expired gas was collected over a five minute period in the Douglas bag, which was washed out with the patient's expired gas prior to collection. After thorough mixing, gas samples were withdrawn into oiled glass and metal syringes with three-way taps soldered to their nozzles. The gas syringes were washed out with 100 ml quantities of expired gas, the fifth sample being retained for analysis of CO 2 and O 2 concentration. Expired gas volume was measured by passing the gas slowly from the Douglas bag through a previously calibrated Nordgas meter. The temperature of the expired gas was recorded and the barometric pressure noted.
Inspired and expired oxygen concentrations were determined using a Servomex paramagnetic oxygen analyzer (model DCLl01 Mkll). The analyzer was calibrated using "white spot" nitrogen, room air and cylinder oxygen. The carbon dioxide concentration of the expired gas was measured using a Hartmann-Braun infra-red analyzer (model URAS 4). This analyzer was calibrated using carbon dioxide free air and a prepared mixture of carbon dioxide, oxygen and approximately 70 per cent nitrous oxide.
Arterial blood was sampled from an indwelling radial artery cannula which was inserted after checking for patency of the ulnar arterial circulation. Samples were withdrawn during gas collection and stored in ice prior to analysis for P0 2 , PC0 2 and pH. Oesophageal temperature was recorded and the appropriate temperature corrections applied (Kelman and Nunn 1966) . P0 2 , PC0 2 and pH were measured using either an ABL 1 self-calibrating machine (Radiometer Ltd.) or a PHM 71 machine (Radiometer Ltd.). The oxygen electrode on this latter machine was calibrated with oxygen free nitrogen, air and 100 per cent oxygen. The appropriate correction factor for the blood-gas difference, which was determined prior to each study, was applied. The carbon dioxide electrode was calibrated with 5 per cent and 7 per cent CO 2 mixtures, which had been preanalyzed using the Aimer-Haldane apparatus. The pH electrode was calibrated with the 6 ·841 and 7 ·383 buffers of the National Bureau of Standards.
Respiratory calculations were performed on an Elliott 4100 computer utilizing a programme written by Adams (1970) . Physiological deadspace was calculated from the Enghoff modification of the Bohr equation (1938) . Alveolar oxygen tension was calculated from the alveolar air equation (Nunn 1963) .
Cardiac output was determined by the dye dilution technique using indocyanine green which was injected into the superior vena cava through a line inserted via a basilic or right internal jugular vein. The curve was detected using a Gilford densitometer system. The area under the curve was calculated by computer (Simons and White 1976) and checked by planimetry. · .
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The ECG was continuously displayed on an oscilloscope, but not permanently recorded. Blood pressure was measured by oscillotonometry and the heart rate recorded from the ECG. Central venous pressure was recorded manometrically.
All patients were given liberal quantities of Hartmann's solution prior to aortic crossclamping in order to ensure an adequate urine output. The average volume given during this period was 18 ml/kg/hour. Thereafter, the fluid load was markedly reduced, but at all times blood loss was replaced as rapidly and accurately as possible with warmed blood.
?lIeasurements were made at the following times: approximately five minutes prior to aortic cross-clamping and three minutes after; approximately five minutes prior to aortic unclamping and three minutes afterwards.
RESULTS
The mean results of the measured and calculated haemodynamic data before and after aortic clamping and unclamping are shown in Table 2 and of the respiratory measurements in Table 3 . The individual values of cardiac index and physiological deadspace: tidal volume ratios (VD/VT%) before and after clamping and unclamping are shown in Figures 1 and 2 .
Applying the Student's" t " test for significant difference between means showed that at no stage was there any significant difference between any of the measured or calculated data. A mean fall of 13· is mmHg occurred in systolic arterial blood pressure following release of the aortic clamp, but this was not statistically significant (p> 0 ·3). Similarly there was a mean fall in arterial pH of o· 036 units at this stage, but again this did not reach statistically significant levels (P>O·l).
In two patients (numbers 4 and 6) the systolic arterial blood pressure rose by 50 mmHg and 60 mmHg respectively following application of the aortic clamp, while in a further patient (number 5) the pressure fell by 45 mmHg. No patient showed any ECG evidence of myocardial ischaemia following aortic occlusion, and no patient required any treatment to reduce the afterload on the heart.
DISCUSSION
This study has shown that infra-renal clamping of the abdominal aorta is well tolerated, there being no significant differences in any of the measured or calculated haemodynamic or respiratory data after application of the clamp or its removal. The results are similar to those obtained by Carroll, Laravuso and Schauble (1976) who found no significant change in heart rate, blood pressure or cardiac index following aortic cross-clamping. There was, however, a significant rise in pul- Anaesthesia and Intensive Care, Vol. VI, No. 1, February, 1978 monary wedge pressure. Two of their 14 patients showed a considerable elevation of arterial pressure following clamping, and one of these showed ECG evidence of myocardial ischaemia, which was reversed after reduction of the increased afterload with sodium nitroprusside. Attia et al. (1976) compared the haemodynamic changes following aortic cross clamping in patients with and without severe coronary artery disease. The former patients showed a significant increase in blood pressure and pulmonary wedge pressure and those showing the greatest rise in wedge pressure demonstrated ECG evidence of myocardial ischaemia. Again this was relieved by administration of sodium nitro-prusside. Neither of the two patients in our series who showed a large increase in systolic arterial pressure after aortic clamping exhibited ECG evidence of myocardial ischaemia and no attempt was made to reduce the afterload.
Meloche et al. (1977) in a study of 18 patients demonstrated no significant change in heart rate or central venous pressure following aortic clamping, but a significant rise in blood pressure, systemic vascular resistance and fall in cardiac output. There was no difference between the results obtained in patients with chronic aortic obstruction (Leriche syndrome) and those with aortic aneurysms. Those patients of Attia and his colleagues (1976) who had severe coronary artery disease also had a significant fall in cardiac output after aortic clamping, but this was not measured in the patients without coronary artery disease.
The results of aortic unclamping have been more widely studied. At this stage, blood loss may be massive and it is essential that an adequate circulating blood volume has been maintained up to this point. In the present study there was no significant change in cardiac index following this manoeuvre and although the blood pressure fell this was not statistically significant. Carroll et al. (1976) also showed that release of the aortic clamp had little effect, although there was a significant rise in cardiac index and fall in systemic vascular resistance. They also attributed their results to an optimum haemodynamic state during the period of aortic cross-clamping.
In studies in dogs and man, Perry (1968) lactic acidosis which developed during the period of aortic occlusion. He concluded that significant hypotension and falls in cardiac output at this time could be prevented by adequate maintenance of blood volume. In our patients there was a tendency for the pH to fall after release of the clamp, but this was not statistically significant.
The values for V D/V T ratios in this series were very similar to those found previously in patients undergoing vascular surgery in this department Sykes 1969, Morgan, Lumley and Sykes 1970) . There was no significant difference between any of the measured or calculated respiratory values Anaesthesia and Intensive Care, Vol. VI, No. I, February, 1978 following aortic clamping and unclamping. Without any changes in cardiovascular dynamics then there is no reason to believe that any marked changes should have occurred in pulmonary function.
From the results of this study, and those of other workers, it can be concluded that infrarenal cross-clamping of the abdominal aorta is usually well tolerated. Considerable rises in systolic arterial blood pressure may occur on occasion and be associated with evidence of myocardial ischaemia. Thus drugs should always be available to reduce the increased afterload and at the moment sodium nitroprusside is probably the agent of choice (Attia et al. lOiU, Carroll ct al. 10i6 ). The minimal changes resulting from aortic cross-clamping are probably best explained by maintenance of an adequate circulating blood volume and an anaesthetic technique which does not depress the myocardium.
